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ABSTRACT
We report Hα observations of a sample of very isolated blue compact galaxies (BCGs) located in
the direction of large cosmic voids obtained to understand their stellar population compositions, the
present star formation (SF) properties, and their star formation histories (SFHs). Our observations were
combined with photometric data from the Sloan Digital Sky Survey (SDSS) and near-infrared data from
the Two Micron All Sky Survey (2MASS), wherever such data were available. The combined data sets
were compared with predictions of evolutionary synthesis models by Bruzual & Charlot (2003a, 2003b).
Current star formation rates (SFRs) were determined from the Hα measurements, and simplified star
formation histories were derived from broad-band and Hα photometry and comparisons with the models.
We found that the star formation rates range within 0.1–1.0 M⊙ yr
−1, with a median rate of 0.6 M⊙
yr−1. The observed galaxy colours are better explained by the combination of a continuous SF process
with a recent instantaneous SF burst, than by a combination of several instantaneous bursts, as has been
suggested previously.
We compare our results for the star formation rate of the sample galaxies with that of samples of
dwarf galaxies in the Virgo cluster and find that the BCGs have significantly stronger SFRs. The BCGs
follow the correlation between Hα emission and starlight found for dwarf galaxies in the Virgo Cluster
and for other BCGs.
Subject headings: galaxies: starburst; galaxies: formation; galaxies: evolution; galaxies: peculiar
1. introduction
Galaxy evolution is a fundamental process in the Uni-
verse. It includes the star formation (SF) mechanisms and
accounts for evolutionary histories of single galaxies as well
as for overall environmental effects of galaxies on the struc-
ture and evolution of the Universe. The global cosmologi-
cal structure, and the SF processes in individual galaxies,
affect each other. Stellar evolution in galaxies enriches the
heavy element abundances and modifies the radiation field,
affecting future SF in the same galaxy and its structure.
Even though the SF process is fundamental, it and the dif-
ferent factors controlling it are not yet fully understood.
Thus, investigating the importance of external effects on
the star formation process in galaxies contributes to the
knowledge about development of galaxies and their contri-
bution to the evolution of the Universe.
It is well-known that the galaxy neighbourhood affects
SF. Various studies pointed out the dependence of SF
and of other properties on the density of galaxies in the
immediate environment of a galaxy; this is known as
the “morphology-density” relationship of Dressler (1980).
However, while the evidence is clearer on the question of
cluster environment influence, the SF behavior of galax-
ies in low-density regions was and remains ambiguous.
For example, Hashimoto et al. (1998) showed that the
SF-environment relation is rather complicated; at similar
concentration indices, the SF of galaxies in low-density re-
gions is as strong as that of galaxies in clusters. Popescu
et al. (1999) studied emission-line galaxies, specifically
blue compact galaxies (BCGs) and mostly dwarf galaxies.
They showed that there were no specific differences be-
tween field galaxies and objects in voids in terms of the
SF rate (SFR) and the ratio between the present SFR and
the past-averaged one, and that both field and void galax-
ies had similar SFR surface densities. Void galaxies did
not exhibit lower metallicites than field galaxies, as one
could expect. Gomez et al. (2003) used the Sloan Digital
Sky Survey (SDSS) to study the SF-environment relation
but limited themselves to field vs. cluster comparisons and
to SF characterization through spectroscopy of central re-
gions of galaxies. Haines et al. (2006) found significant
differences in the star formation patterns of dwarf galax-
ies with –17.7≥MR ≥–19 as a function of neighbourhood;
dwarf galaxies in the inner part of a galaxy cluster, within
one virial radius, were mostly old and passive, whereas
those outside this distance and in lower density regions
were forming stars.
The earliest attempt to define a sample of isolated galax-
ies was by Karachentseva (1973); her catalogue selection
was based on distance and size of possible companion
galaxies. This seelction criterion was refined in further
years, including automatic sample selection from the SDSS
(e.g., Allam et al. 2005). An interest in “isolated” galax-
ies was also expressed in 1977 by Huchra & Thuan (1977).
The 12 objects selected there were observed by Brosch et
al. (1982a, 1982b, 1984a, 1984b) in a range of spectral
domains and the observations were summarized in a PhD
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thesis (Brosch 1983) with the conclusion that isolated ob-
jects show abnormal SF patterns.
The difference between isolated and other galaxies lies
in the possibility that other galaxies in the vicinity of an
object might trigger or influence its SF. Such influences
include galaxy harassment, disruption due to tidal interac-
tions, outright collisions, etc. At this point it is necessary
to distinguish between a primary, or intrinsic, SF trigger
and any number of external triggers. A primary SF trigger
should not require external activation and could operate
in isolated galaxies, whereas most of the time, a tidal in-
teraction with another galaxy (especially in dwarf galaxies
where these tidal effects are low) would probably not be
sufficient to trigger an SF event in a relatively isolated
galaxy (see also Kunth & O¨stlin 2000).
Various papers studied BCGs and their SF; for exam-
ple, Kong (2003, 2004, and previous papers referenced
therein) investigated a large sample of BCGS with respect
to their evolution histories, stellar populations, gas content
and observed spectra. Pustilnik et al. (2001a, b) studied
the influence of environment on SF in BCGs near other
galaxies, and found that the SF in at least 80% of them
could have been triggered by tidal interactions or mergers,
whereas about 43% of the isolated BCGs were probably
tidally influenced by dwarf galaxies in their vicinity. The
influence of the environment was studied also by Balogh
et al. (2004), who found higher SF in objects located in
low galaxy density environments. Ceccarelli et al. (2008)
found that galaxies in void walls are bluer and have more
SF that galaxies elsewhere.
Pustilnik et al. (2002) investigated the HI properties
of a sample of BCG galaxies located in very low density
environments. The sample comprised 26 objects from the
Second Byurakan (SBS) and Case surveys located in voids
with Vhel ≤ 11000 km s
−1, two BCGs in the void be-
hind the Virgo cluster and 11 BCGs in denser environ-
ments. They found that at the same blue luminosity, and
for MB ≤-18.0 mag, BCGs in lower density environment
had on average more HI.
Brosch et al. (2004) examined the possibility that the
SF in dwarf irregular galaxies (DIGS) or blue compact
(BCG) galaxies is triggered by tidal interactions with other
nearby galaxies by searching for star-forming companion
galaxies in a large (N=96) composite sample of DIGs im-
aged in Hα. The lack of such companions for most of the
sample galaxies, along with other supporting evidence, in-
dicates that triggering by external interactions is unlikely
to be a primary SF influence for these BCGs.
We aim here to study the SF properties of another sam-
ple of galaxies known a-priori to be located in extremely
low galaxy density region, by concentrating in a study of
volumes located in the direction of known cosmic voids.
The definition as to what exactly makes a certain volume a
“void” is debatable since, a-priori, a void in the galaxy dis-
tribution should be completely empty of galaxies (see e.g.,
Lindner et al. 1999). The cosmic voids identified in stud-
ies of the large-scale structure are not completely empty
of galaxies, but the object density there is extremely low,
with a density contrast ∆ρ
ρ
≃ −0.94 ± 0.02, and showing
even zero galaxy density at the centers of voids as revealed
by the 2dF survey (Hoyle & Vogeley 2004).
Hoyle et al. (2005) defined a void as a region with a
galaxy density contrast ∆ρ
ρ
≤–0.6 over a distance scale of
7 Mpc. Using ∼1000 SDSS objects, they found the void
galaxies to be typically fainter than those in the “wall”
bordering the void. While Hoyle et al. did not find an
excess of dwarf galaxies (DGs) in the voids, they claimed
that the void population is dominated by late-type objects.
The same sample was studied spectroscopically by Rojas
et al. (2005), who found that void objects tend to have
higher specific SFRs (SFR per unit stellar mass) than wall
galaxies. Their stellar populations were also younger than
for wall galaxies.
Studies of the galaxy distribution in voids showed
that the degree of isolation is sensitive to the limiting-
magnitude of the observation (e.g., Lindner et al., 1995).
The spatial distribution of normal galaxies consists of a
structure of clusters, super-clusters, filaments and sheets
of galaxies. In-between this structure there are large voids
with very low galaxy density (Lindner et al. 1996). Lind-
ner et al. (1997) tested the spatial distribution of BCG and
concluded that the galaxy distribution in voids is hierar-
chical, e.g., the void boundaries are sensitive to the limit-
ing magnitude of the sample. They found that the faint
galaxies in voids are concentred toward the void bound-
aries, with a small fraction of the population at the center
of the voids. This fraction of faint galaxies within the voids
are grouped in systems lacking a bright galaxy. Lindner et
al. concluded that the BCG spatial distribution is similar
to that of normal dwarf galaxies, with a median distance
from a normal galaxy of 0.7h−1Mpc.
Galaxies in voids were specifically targeted in the previ-
ous studies of e.g., Weistrop et al. (1995), Popescu et al.
(1996), Huchtmeier et al. (1997), Popescu et al. (1999),
and Grogin & Geller (2000). Spectroscopy of 26 galaxies
in the Bootes void was reported by Cruzen et al. (2002).
Zitrin & Brosch (2008) identified a sample of nearby dwarf
galaxies that trace a ∼0.5 Mpc linear structure in a nearby
void. Interestingly, all the objects in this linear structure
show low-level star formation. A possible interpretation is
that the SF takes place because of the accretion of inter-
galactic gas onto a dark matter filament. Current ΛCDM
simulations predict that low-amplitude filamentary struc-
tures criss-cross the voids (Peebles 2007).
To evaluate the influence of “isolation” on the SF history
of a galaxy we selected a sample of galaxies that appeared
to be extremely isolated and possibly located in voids. Sec-
tion 2 describes the sample selection. The galaxies were
observed through R-band and rest-frame Hα filters with
the Wise Observatory 1m telescope and the observations
are described in §3. The observations were supplemented
by data collected from the literature, mainly from NED1,
from the Sloan Digital Sky Survey (SDSS), and from the
Two Micron All-Sky Survey (2MASS). The analysis and
results are described in §4 along with the evolutionary
models used to evaluate the star formation histories. The
results are discussed in §5 along with a comparison with
other star-forming galaxies studied by our group in a clus-
ter environment.
1 The NASA/IPAC Extragalactic Database (NED) is operated by the Jet Propulsion Laboratory, California Institute of Technology, under
contract with the National Aeronautics and Space Administration.
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2. sample selection
Different aspects must be taken into consideration in the
selection of a sample of galaxies to test star forming pro-
cesses. The sample selection should simplify as much as
possible the theoretical factors that affect the process. On
the other hand, practical aspects of conducting the neces-
sary observations, and the amount of time the observations
will require, are also important considerations.
We chose a sample of galaxies that are relatively com-
pact and exhibit intense SF activity, as indicated by the
presence of strong emission lines in their spectra and by
blue colours. Since our main goal was to investigate the
influence of neighbour interaction on the process of SF,
we selected galaxies that seemed to lack known luminous
objects in their neighbourhoods. Blue Compact Galaxies
(BCGs) with strong emission lines are a good selection for
this study, since a strong Hα emission line is expected in
case of recent SF in a gas-rich object.
BCGs are known to have bluer colours [(U-B)∼-0.6; (B-
V)=0.0–0.3] than ordinary irregular galaxies and their sur-
face brightness is much higher (Kunth 1995). Spectroscop-
ically, in such objects the ratio of [O III]λ5007 to Hβ is
approximately 5 due to the presence of OB star complexes,
indicating a very recent burst of star formation (Kunth
1995). They are chemically less evolved galactic systems.
Although such galaxies were originally regarded as newly
formed or primeval galaxies, spectroscopic evidence from
large samples of BCGs shows that underneath their bright
and blue stellar components lies, in most cases, an older
population of stars, indicating previous short star forma-
tion episodes (e.g., Telles & Terlevich 1995; Kong 2003,
2004). Even in SBS 0335-052W, considered to be a young,
recently formed galaxy, Izotov, Thuan & Guseva (2005)
found a stellar population a few 100 Myrs old.
These properties indicate that BCG galaxies are good
candidates for our study, enabling efficient observations
with a 1m telescope even for relatively faint galaxies. The
compactness of these galaxies favours this study, since the
surface brightness of the galaxies is high and the detected
signal is strong relative to detector noise and background
sky brightness.
Since our primary goal is to understand the role of the
lack of frequent interactions in the regulation of the SF,
we explain first how likely are interactions among very
isolated galaxies. The chance of a galaxy-galaxy interac-
tion can be estimated from the cross-section presented by
a galaxy to a potential intruder that could cause a star
burst. In what follows we disregard the expansion of the
Universe; in the past the galaxies were much closer to-
gether enhancing the interaction chance. From the argu-
ments presented above, the impact parameter r for a suc-
cessful SF-triggering interaction must be 25-50 kpc. Disre-
garding gravitational focusing, the number of past interac-
tions a galaxy experiences during a time span τ is therefore
N ≃ pir2vnτ . Here v is the peculiar velocity of the tar-
get galaxy relative to its immediate galaxy neighbourhood
and n is the space density of galaxies in the same neigh-
bourhood. This number of expected interactions during a
Hubble time can therefore be written as:
N ≃ 0.05(
r
100 kpc
)2
v
100 kmsec−1
n
(1Mpc)3
H−10 (1)
with H−10 being the age of the Universe. Given the low
velocity dispersion of galaxies in the field, and the very low
galaxy density in the vicinity of the sample galaxies, the
chance of a relatively recent interaction that could have
triggered SF in the objects of our sample appears very re-
mote. Specifically, typical values of v≃200 km s−1, r=50
kpc, and n≤ 4× 10−2 Mpc−3, yield N≤ 10−3, imply a sin-
gle SF-triggering interaction every 1000 Hubble times. We
also note the remark of Di Matteo et al. (2008) that strong
starbursts are rare even among major galaxy interactions
or mergers.
The sample selection was aimed to minimize the chance
that an interaction with another galaxycould have trig-
gered the detected star formation. Requiring that the dis-
tance from any other such galaxy be larger than a given
value minimizes this possibility. A galaxy-galaxy interac-
tion has to be fairly recent to trigger an SF event. Icke
(1985) performed numerical hydrodynamical simulations
investigating the fate of a gas disk perturbed by a hy-
perbolic encounter with an intruder galaxy. He showed
that relatively slow, pro-grade and in-plane encounters can
shock the disk gas and can, in principle, cause star forma-
tion. Struck-Marcel & Scalo (1987) estimated a maximal
time delay between a tidal interaction and a subsequent
SF event of ∼ 108 years, commensurate with the rotation
period of a disk galaxy. However, the tidal triggering SF
models of Barton et al. (2000) are consistent with their
observations only for delays shorter than ∼ 107 years.
Galaxies that appear extremely isolated, sometimes lo-
cated in central regions of voids, may really be the brighter
examples of concentrations of star-forming galaxies. It is
possible that SF in a seemingly isolated galaxy could be
triggered by an interaction with a dwarf galaxy that is
much fainter than the detection limits. One example of a
dwarf irregular companion triggering SF in a void galaxy,
HS 0822+3542, was suggested by Pustilnik et al. (2003).
The primary object is at least 3 Mpc distant from L∗ galax-
ies but it does show signs of a recent (∼10 Myr) star burst
and it has a very faint and blue companion that could be
related to the starburst. Other possible neighbours, fainter
than L∗, are dwarf galaxies at 1.15 to 1.42 Mpc projected
distance. In this case, the projected distance between the
primary galaxy and its faint companion is only 11.4 kpc
and their recession velocity difference is smaller than 25
km sec−1. This system is similar to the extragalactic HII
regions reported by Shaver & Chen (1985) in that two
seemingly dwarf galaxies show simultaneous star forma-
tion bursts, and to the SBS 0335-052 system (Ekta et al.
2009).
Brosch, Bar-Or and Malka (2006) discovered small
groups of uncatalogued, compact, star forming DGs by
Hα mapping of the neighbourhoods of apparently isolated,
catalogued, star-forming DGs. Their sample consists of
dwarf (MB ≥–18 mag) galaxies at least 2 Mpc away from
any other catalogued galaxy. The objects they selected as
extremely isolated are conceivably the brightest members
of sparse groups of dwarf galaxies that are presently form-
ing stars. An Hα emission knot was identified by Brosch
et al. (2007) at a projected distance of 78”≃63 kpc from
the galaxy AM1934-567. Other very compact and Hα-
emitting “dots” near other galaxies were reported by Kel-
lar (2008) and Kellar et al. (2008), albeit generally at
much closer distances from a galaxy than the objects in
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Brosch et al. (2006).These findings imply that it is possi-
ble to find “associated” star-forming objects even in very
sparse environments.
We constructed a sample of galaxies that a-priori meets
extreme isolation criteria, based primarily on the studies of
Lindner et al. (1995, 1996, 1997, 1999). The sample con-
sists mainly of galaxies selected from the Second Byurakan
Survey (SBS; Stepanian 2005 and references therein), an
objective-prism emission-line galaxy survey in the sky re-
gion bordered by 7h40m ≤ α ≤17h20m and 49◦ ≤ δ ≤61◦,
supplemented by galaxies from the Case survey (Pesch &
Sanduleak 1983 et seq., Salzer et al. 1995) in the same
Right Ascension range. These objects were in the direc-
tion of identified giant voids in the galaxy distribution,
and their redshifts matched those of the voids. For these
reasons we refer here to the sample galaxies as being either
“isolated” or “void” galaxies.
The sample was originally chosen so that each object
should have no NED objects within a projected distance
∆D ≥3 Mpc (h=0.73) and within a redshift difference
∆v ≥300 km sec−1. The addition of redshifts to the pub-
lic data sets in subsequent years (e.g., from new SDSS
data releases) reduced the degree of isolation of the sam-
ple. For example, a current query of close neighbours (∆D
< 3 Mpc, ∆v ≤ 300 km sec−1, and r ≤ 25 mag) in SDSS,
or similarly in NED, reveals several neighbouring galaxies
as detailed in Table 1. Thus, some galaxies that appeared
originally to be very isolated became somewhat less iso-
lated. However, these galaxies are still located on the out-
skirts of galaxy filaments in the bright galaxy distribution,
as can be seen when plotting the location of each object
on the wedge diagrams in Fig. 3 of Lindner et al. (1996).
Our decision to choose our sample primarily from the
SBS and the Case (CG) catalogs ensures that the galax-
ies are blue and compact, but have strong emission lines,
since they were originally detected in objective-prism sur-
veys. A few objects are also IRAS or FIRST sources, and
many have been observed in SDSS or other programs.
The sample galaxies are shown in Table 1, which lists a
running number for each sample object, its leading desig-
nation, and its J2000 coordinates and radial velocity from
NED. Since NED is a dynamic compilation, changes can
occur at any time; one of our objects (SBS1229+579) was
included in the original sample with a redshift of 7360 km
sec−1 and Hα observations were performed accordingly.
Later, the redshift was revised in NED to 16537 km/sec;
this is way outside the range covered by the Hα filter used
for this observation, and in fact out of the range of any
of the Wise Observatory (WO) Hα filters, and explains
why we did not detect Hα line emission from this object.
The table also lists NNN , the number of NED companions
found in the search volume (3 Mpc with H0=73 km sec
−1
and 300 km sec−1, as listed in the last checking of NED
in December 2008). This indicates that the objects are in
regions where the galaxy density changes from 8.8×10−3
Mpc−3 to 0.13 Mpc−3 and using the estimate for the num-
ber of encounters during a Hubble time from eq. 1, shows
that these objects have been, in fact, very isolated indeed
with very low chances of having suffered an interaction.
We note that a large number of objects in our sample,
originally catalogued as single objects, were commented
on as being very close pairs of galaxies. Stepanian (2005)
mentions this for no less than eight objects listed in Ta-
ble 1 (e.g., SBS0745+601 with the mention “close binary
with angular separation ∼3 arcsec in a common spheroidal
shell”). Note that in such cases it may be possible to
interpret the two bright condensations in a single enve-
lope as parts of a single galaxy, instead of assuming a
very close pair. For this reason we retain all the eight
cases where Stepanian mentions binarity in the sample,
though we quote his comments below. This is true for
other objects in Table 1, where similar remarks were made
by Pustilnik et al. (2002), or a possible binarity is visible
by just inspecting the SDSS images.
3. observations and data reduction
Optical imaging photometry observations were carried
out at the Wise Observatory in Israel with the 1.0-m tele-
scope, mainly during 1996-2000 (hereafter called “primary
observations”), and were supplemented by additional ob-
servations in the beginning of 2008.
Each sample galaxy was imaged through a standard R
filter with a total exposure time of 30 to 60 min, and
through an appropriate rest-frame Hα narrow filter for a
total exposure time of 60-100 min. All the primary obser-
vations were done with a cryogenically-cooled 1024x1024
pixel Texas Instruments CCD with 12 µm square pixels
≃0.4” covering ∼ 5′ × 5′ at the f/7 Ritchey-Chre´tien fo-
cus. The 2008 observations were done with a Princeton In-
struments VersArray camera equipped with a 1340× 1300
pixel CCD chip with a plate scale of 0.58”/pixel and a
12.95′ × 12.57′ field of view.
Each observation was split between two to four images
per filter, so that cosmic rays and hot pixels could be de-
tected and removed at the image reduction stage. R-band
images of the sample galaxies with SDSS photometry were
calibrated with the r magnitudes of reference stars in the
galaxy fields, calculated from the SDSS photometry as de-
rived by Lupton in 2005 and given in the SDSS DR6 web
page2.
The sample galaxies were observed through narrow-
band FWHM∼50A˚ Hα filters using the same CCD as for
the broad-band imaging to determine their line emission.
Each galaxy was imaged through a filter approximately
centered on the rest wavelength of the line. The central
wavelengths of the Hα filters range from 6630A˚ to 6800A˚ ;
the filters cover the velocity range of the galaxies, but for
some galaxies the central wavelength may be shifted by
up to 20A˚ from the expected rest-frame Hα line, given
the published redshift. This effect is taken into account in
the derivation of the Hα line flux and its error. However,
we did not correct the measurements for possible contam-
ination by [NII] emission.
Hα images of these galaxies were calibrated using the
effective ratio of the Hα and R filters, assuming that the
reference stars do not have significant Hα emission or ab-
sorption. For all galaxies, the R filter was used for contin-
uum measurement of the Hα line. The net emission from
the Hα line was calculated by normalizing the Hα and the
R images using reference stars in the field and correcting
for the filter transmission.
Each Hα exposure collected for this program was 1200
2 http://www.sdss.org/dr6/algorithms/sdssUBVRITransform.html
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Table 1
Primary sample of BCGs in voids
No. Name α, δ (J2000) cz (km s−1) NNN Note
*1a SBS0745+601a 07 50 01.19 +60 00 56.6 9773
*1b SBS0745+601b 07 50 07.80 +60 02 26.0 unknown Blue, starlike object
*2 SBS0749+582 07 53 49.99 +58 09 09.5 9548
*3 SBS0805+607 08 09 30.81 +60 36 46.3 9384
4 SBS0813+521 08 17 36.99 +52 02 35.6 7052 2 Two Hα regions
5 G0834+3614 08 37 12.73 +36 04 06.7 9920 0
6 G0919+3626 09 22 31.17 +36 13 33.7 9218 2
7 SBS0938+611 09 42 36.52 +60 52 34.3 7969 6 MRK 1421
8 G0942+3645 09 45 42.50 +36 31 26.8 9876 1
9 G0957+3503 10 00 18.29 +34 48 52.8 11700 15 CG 0313
10 SBS1032+496 10 35 08.52 +49 21 41.3 8553 4
11 SBS1118+587 11 21 35.70 +58 29 27.1 8493 5
12a SBS1120+586 11 23 39.64 +58 22 42.6 11097 1 Galaxy Pair w. 12b
12b SBS1120+586B 11 23 48.3 +58 22 05.00 11198 1 Galaxy Pair w. 12a
13 SBS1122+610 11 25 14.64 +60 46 58.5 9787 6
14 SBS1221+602 12 23 22.53 +59 56 29.7 7074 1
15 SBS1229+578 12 31 43.72 +57 32 07.9 16537 Rejected from the sample
16 SBS1235+559 12 37 36.17 +55 41 03.7 8785 0
17a SBS1311+563a 13 13 15.9 +56 05 52.00 11970 3 MRK 0246, Galaxy Pair
17b SBS1311+563b 13 13 56.47 +56 07 37.4 12006 3 Galaxy Pair
18 SBS1323+575 13 25 52.96 +57 15 15.1 6287 5 MRK 66
19 SBS1332+599 13 34 43.94 +59 44 33.9 9041 5
20 SBS1353+597 13 55 35.03 +59 30 42.1 6713 1
21 SBS1354+580 13 56 23.35 +57 45 44.7 8393 0
22 SBS1408+558 14 09 46.50 +55 35 57.5 7781 1 KUG 1408+558
*23 SBS1420+544 14 22 38.74 +54 14 07.9 6176
*24 G1427+3343 14 29 31.96 +33 30 35.0 7910
*25 G1430+3316 14 32 19.01 +33 02 48.4 11055
26 G1445+3801 14 47 35.18 +37 49 01.3 10462 0
27 SBS1457+540 14 58 40.44 +53 51 29.2 7867 9
28 SBS1527+583 15 28 38.53 +58 12 43.4 5814 0
29 SBS1541+515 15 43 02.47 +51 25 47.7 10577 0
*30 SBS1556+583 15 57 54.97 +58 09 39.3 10360 MRK 0865
Notes: Objects marked with an asterisk have no SDSS nor WO photometry; although selected and listed
here, they were not observed in Hα and are not included in the following analysis. Object no. 15 has had
its NED redshift updated to a higher value; this excludes it from the redshift range of our sample.
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sec long. This duration is a compromise between cosmic
ray contamination of the CCD frame and imaging depth;
by combining a number of exposures we can confidently
detect individual HII regions in Virgo cluster (VC) dwarf
irregular galaxies (FHα ≥ 10
−15 erg cm−2 sec−1, Heller
et al. 1999) and eliminate most cosmic ray events. The
targets observed here are between two to five times more
distant than the VC but are, in most cases, resolved show-
ing non-stellar images. Interference filters have one draw-
back; one sometimes sees reflection ghosts in the vicinity of
bright objects. To overcome this problem, at least three
slightly dithered exposures were collected for each field,
representing one hour or more of telescope time. This
combination allowed the rejection of most ghost reflections
and cosmic rays in the final image.
The image processing included standard bias subtrac-
tion, flat-fielding, and sky subtraction. Individual images
obtained through the same filter were aligned, cropped to
the same size, and combined by a median filter into a final
filter image. The Hα fluxes measured in these final images
were calibrated using the effective widths of the Hα and
continuum (R band) filter ratios.
Additional broad band photometric data were collected
from SDSS and 2MASS. The ugriz photometry from SDSS
and the JHK photometry from 2MASS are presented in
Tables 2 and 3, respectively. The entries contain also the
measurement error (in parenthesis). The absolute B mag-
nitudes of the galaxies are listed in column 2 of Table
4; we note that all the objects are fainter that MB=–20
mag; while about 2/3 of the objects are not dwarf galax-
ies (MB ≤–18 mag), they are nevertheless fainter than L∗.
Below we add short individual descriptions from Stepanian
(2005), Pustilnik et al. (2002), and others for some of the
objects.
SBS0745+601 is described by Stepanian (2005) as a
close binary galaxy with two star-like components in a
common shell. He mentions that this object shows strong
Hα, Hβ and [OIII] emission are seen from the two compo-
nents.
SBS0749+582 is a starlike BCDG, with a weak con-
tinuum that did not record on the SBS objective-prism
plates (Stepanian 2005). He II 4686A˚ emission is present.
G0834+3614 has a nearby Hα-emitting galaxy iden-
tified in SDSS as J083723.38+360448.1. With a radial
velocity of 9108 km sec−1, this object should not be ac-
cepted as a true companion, but presumably represents a
foreground object.
G0919+3626 is noted by Pustilnik et al. (2002) as
elongated and with a disturbed NE part. A faint possible
companion is present 15” to the East. The SDSS image
shows that this proposed companion might be part of a
blue polar ring.
SBS1032+496 was noted by Pustilnik et al. (2002) as
having a disturbed external morphology.
SBS1120+586 is listed by Stepanian (2005) as two sep-
arate objects; “A” and “B”, with the A component car-
rying the mention that it is a “close-binary” and B being
a “blue strip of knots, elongated along right ascension”.
Pustilnik et al. (2002) noted the small projected separa-
tion (48 kpc) and velocity difference (15 km sec−1).
SBS1122+610 was classified as BCDG by Stepanian
(2005), who noted a very well formed starlike nucleus seen
on the slit of the prime focus of the 6m BTA telescope.
SBS1221+602 was noted by Pustilnik et al. (2002) as
having a probable faint galaxy in contact 21” to the West.
SBS1311+563 is a pair consisting of MRK 254 and a
companion 5’.8 away.
SBS1332+599 was noted by Pustilnik et al. (2002) as
having faint galaxy in contact 15” to the South.
SBS1353+597 has a faint r=17.89 companion ∼15” to
the SW.
SBS1354+580 noted as a close binary galaxy, or as
having a B≃18.5 companion ∼5 arcsec away (Stepanian
2005). Pustilnik et al. (2002) qualified it as an advanced
merger, whereas SDSS shows that it is a contact system
of a bluish disk and an elliptical.
SBS1420+544: Pustilnik et al. (2002) noted that it is
a large disk with several possible companions within less
than 40”.
SBS1420+544 is a BCDG according to Stepanian
(2005). The objective prism spectra do not show a trace
of the continuum.
G1457+540 shows a number of possible contact com-
panions on the SDSS image. Lacking redshift information
for these precludes a determination whether they are only
projected companions.
SBS1457+540 was noted as a close binary by Stepa-
nian (2005). The SDSS image shows that is a contact
system of a bluish disk with an elliptical.
SBS1541+515 was noted as a close binary with a sep-
aration of ∼5 arcsec (Stepanian 2005).
Only four of the SBS galaxies in our sample were de-
tected by IRAS and only two are FIRST radio sources.
In general, we note the relatively large fraction of objects
classified as close binary galaxies, as the comments on in-
dividual objects show. However, we also stress that at
present there is no redshift confirmation that these puta-
tive neighbours are real and not just seen in projection.
4. analysis and results
We describe below the derivation of the current star for-
mation rate and the simplified star formation histories of
the sample galaxies. The SFR is derived directly from the
Hα line emission by:
SFR[M⊙/yr] = 1.27 · 10
9FHα ·D
2 (2)
where D is in Mpc and was calculated assuming Hub-
ble expansion with H0 = 73 km/s/Mpc, and FHα is in
erg cm−2 s−1. As mentioned above, the Hα flux was cali-
brated by the effective ratio of the Hα and R filters, using
the R magnitudes of the secondary stars calculated from
the SDSS magnitudes, and was corrected for the specific
filter transmission profile. The transformation from the
real R magnitudes to flux used the zero point of Bessel
(1979) and the central wavelength of the R filter. How-
ever, we did not correct FHα for internal extinction; we
consider such corrections very uncertain irrespective of
whether they are derived from the Hα/Hβ line ratio from
the (central 3 arcsec) SDSS spectra or from a guesstimate
of the dust content using IRAS fluxes. For this reason, the
SFR values given here should be considered lower limits.
In order to derive a simplified SFH, we used galaxy evo-
lution models (GEMs) to produce photometric data to be
compared to those presented above for the sample galax-
ies. The GEMs used are part of the GALAXEV library
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(Bruzual & Charlot 2003a, 2003b). These were calculated
using the Padova 1994 evolutionary tracks, with a Salpeter
(1955) IMF and standard lower and upper mass cutoffs of
mL = 0.1M⊙ and mU = 100M⊙. The models calculate
the colours of the galaxy for 220 time steps from 20Gyr
ago to the present. As mentioned above, BCGs are known
to have low metallicity (Z⊙/50 to Z⊙/3). Therefore, and
in order to lower the number of free parameters to be fit-
ted, we used single metallically models with Z=0.2 Z⊙.
Furthermore, most integrated colours do not change sig-
nificantly as a function of metallicity and, since we are
interested mainly in the timing of the SF bursts (or pro-
cesses), this is a fair assumption.
We created an Hα-V colour that provides another pa-
rameter to be compared with the models. This, in order to
enhance the reliability of the fit and to lower the degener-
acy. The models predict the number of Lyman continuum
(LyC) photons, which depends on the distance to each ob-
ject. To remove the uncertainty related to the lack of accu-
rate distances to all of the galaxies, we used the prediction
to derive a distance-independent colour for each galaxy
to which the observed colour can be compared. The Hα
luminosity is related to the flux of LyC photons by:
Nc = 7.43× 10
11L(Hα), (3)
where L(Hα) is in erg/s. This leads to:
Hα− V = 129.8− 2.5× log[Nc]− Vabs, (4)
where both log[Nc] and Vabs [mag] are given by the model.
Since for most galaxies we use SDSS photometry, their V
magnitudes were calculated using the equations derived
by Lupton from the SDSS DR6 web page. For more infor-
mation on the model comparison procedure see Zitrin &
Brosch (2008).
The default models describe the colours of a single gen-
eration of stars formed in an instantaneous SF burst at
different time steps, while the real stellar population might
be a mix of a number of SF processes or burst-formed pop-
ulations. Therefore a script was written to find by χ2 the
best combinations of colours and burst times from the data
base. Our models first used a combination of three bursts;
this reveals, contrary to models including only one or two
bursts, the old population underlying the newly formed
stars. Such a significant population of old stars was also
found in other BCGs (e.g., Kong et al. 20003).
Subsequently, we found that a combination of a con-
stant SF process underlying a recent SF burst describes
the galaxy colours better than a combination of 2-3 short
bursts at odd intervals, as it reduces the typical χ2 on
average by an order of magnitude. We therefore created,
using the GALAXEV program, models with a constant
SFR (0.1–1.0 M⊙ yr
−1) and used its combination with the
instantaneous burst models to compare to the observed
colours. All available colours for each galaxy were used in
the comparisons with the models. The script outputs the
10 best fits. The dispersion of these nine additional re-
sults around the best fit, in terms of burst times and their
weights, was used as the error of the comparison. The
dispersion around the best fit was typically a few Myr for
the recent bursts and about ∼ 1Gyr for the “old” bursts
(or the beginning of the constant SF process). The dis-
persion of the relative weights of the bursts (the fraction
of the light measured nowadays) was ∼ 10% around the
best-fit values. In addition, since the time resolution is
low for early bursts, very old events are only indicated as
taking place more than 10 Gyr ago, without an attempt
to specify the exact time.
The χ2 statistic calculated for each object is:
χ2 =
∑ (∆colour)2
err2
N(col)−N(burst)
. (5)
where ∆colour is the difference between each measured
colour and the linearly-combined model-produced colour,
err is the error of the measured colour, N(col) is the num-
ber of colours used for the fit and N(burst) is the number
of star formation bursts modeling the SFH, and the sum
refers to the colours used for the fit. The script selects the
minimal value of χ2 that indicates the best-fitted model.
For galaxies lacking 2MASS data, the measurable quan-
tities used for the fit are only the five colours: (Hα−g), (u−
g), (g−r), (r−i), (i−z). To those we fit the fraction of mea-
sured light produced by stars formed in a specific burst,
and the time of the burst. For two events (single instanta-
neous burst combined with a constant SFR) we have three
free parameters: the percentage of present light produced
by one SF component, the constant SFR beginning time,
and the time of the instantaneous burst. This implies that
the fit is exactly determined. Adding the 2MASS informa-
tion introduces two additional colours; this improves the
determination of the solution.
The results of the fit are shown in Table 4. We list there
the running number of the specific galaxy in our sample as
given in Table 1, its absolute B magnitude, the measured
total Hα flux, the equivalent width of the Hα line in A˚, the
present star formation rate in M⊙ yr
−1, and the fitted con-
stant SFR and recent burst solution, where for each event
we list the time of the SF start (column 6 refers to the con-
tinuous SF and column 7 to the instantaneous burst) and
its contribution to the light measured at present (columns
8 and 9). The last column is the minimal χ2 of the fit de-
fined above. The Hα line flux errors are typically 15% and
are contributed by the measurement error, the uncertainty
and assumptions of the calibration process, the filter ra-
tio errors, and a minor uncertainty regarding the effective
central wavelength.
5. discussion
The current SFR and the simplified SFH of the sam-
ple galaxies are presented in Table 4. Most galaxies show
present SFRs of ∼ 0.6 M⊙ yr
−1 (median value), while a
few show a higher SFR of severalM⊙ yr
−1. Typical BCG
SFRs were examined before; usually, median SFRs are
∼ 10−1 M⊙ yr
−1 up to several M⊙ yr
−1. Kong (2004) sum-
marized previous work and discussed differences caused by
different SFR indicators. For example, the median SFR in
his 72 heterogeneous BCG sample was ∼2.3 M⊙ yr
−1, us-
ing an Hα indicator. Kong used also other SFR indicators
and found that not correcting for internal extinction and
for the underlying stellar populations would underestimate
the SFR. In order to compare the result obtained here to
those of Kong we recalculated the median SFR of Kong’s
sample, excluding galaxies much brighter or much fainter
than those present in our sample (i.e., excluding galaxies
with MB < −20 or MB > −17 mags). This yields a me-
dian SFR of ∼1 M⊙ yr
−1, which is only slightly higher
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than ours probably due to the fact that we did not correct
for internal extinction.
A more interesting result is obtained when examining
the galaxy stellar compositions and SF histories. SFHs
of BCG have also been examined before and a common
belief is that old stellar populations, of one to a few Gyr,
are present along the newly formed stars. The SF in such
galaxies is believed to take place in short bursts separated
by long quiescent periods (Kong 2003, Kong et al. 2003).
Such a behaviour, of series of short SF bursts, was simu-
lated by e.g. Valcke et al. (2008) for isolated dwarf galax-
ies. However, we find that the observed colours are better
fitted when the stellar population is explained by a com-
bination of a continuous, constant SFR and a more recent
instantaneous burst. As Table 4 shows, the calculated
burst times correspond to these assumptions, since most
galaxies had their first SF process beginning several Gyr
ago, whereas almost all galaxies show in addition a much
recent burst.
Table 4 shows that the simple-minded algorithm used
here to evaluate the SFHs of the sample galaxies does
sometimes produce unexpected results. An example is the
model result for galaxies no. 7, 14, 22 and 27. There, no
recent burst is fit by the models, and the galaxy colours are
well explained by a constant SFR, which started ∼ 10Gyr
ago. Moreover, for all the sample galaxies the observed
light is dominated (∼ 80%) by the constant SFR, and only
a small fraction (usually up to ∼ 20%) is contributed by
the recent burst.
We mentioned above the claim of Pustilnik et al. (2001a)
that in at least 80% of BCGs the SF could have been
triggered by tidal interactions or mergers, whereas about
43% of the isolated BCGs are probably tidally influenced
by dwarf galaxies in their vicinity. We did not identify
obvious interactors that could have triggered SF in the
“isolated” galaxies of our sample. This emphasizes that
interactions may not be the primary triggers of SF in iso-
lated galaxies. We checked this by plotting the SFR from
column 4 in Table 4 against the number of nearest neigh-
bours NNN from column 6 of Table 1. There is no correla-
tion between the two (R2=0.04), which shows that a slight
increase of the galaxy density in the neighbourhood of an
object does not significantly encourage the SF. Essentially,
we find no SFR differences between objects in extremely
underdense environments, such as the two components of
SBS1120+586, and e.g., G0957+3503 the galaxy in the
densest environment of our sample that has 15 NED-listed
neighbours within 3 Mpc and 300 km sec−1.
Another interesting comparison is with the SFRs of late-
type dwarf galaxies (LTDGs) in the Virgo cluster (Al-
moznino & Brosch 1998a, b; Heller et al. 1999). The
LTDGs are galaxies devoid of large-scale internal SF trig-
gers such as spiral density waves. They are a legitimate
comparison sample to the BCGs studied here, since these
objects were measured in the same way as the galaxies
studied here, with the same telescope and filters, and their
SFRs were calculated with exactly the same method as
used here. As the comparison sample consists of galaxies
that are members of the Virgo Cluster, their NNN values
are at least two orders of magnitude higher than for the
BCGs studied here. However, since the initial selection
specified low surface brightness, it is to be expected that
the LTDGs would show also low SFR values compared
with those of the BCG sample studied here.
We find that the BCGs studied here have SFRs higher
by two-three orders of magnitude than those of the Virgo
late-type dwarfs, despite their being relatively isolated.
Part of the difference can be attributed to the intrinsic
brightness of the galaxies. The BCGs are also signifi-
cantly brighter than the BCDs and LSB Irr’s studied by
Almoznino & Brosch (1998a, b) and by Heller et al. (1999),
although about half of the objects included in the present
sample do qualify as dwarfs (MB ≥–18 mag). These are
plotted in Figure 1, which shows MB from column 2 of
Table 4 against log(SFR). The Virgo dwarfs were plotted
in Figure 1 by assuming that all are at the same distance
as the cluster, 18 Mpc, as adopted in our previous papers.
The correlation between the total starlight and Hα is
well known. Gavazzi & Scodeggio (1996) found that galaxy
colours interpreted as the age of the stellar population cor-
relate with the H-band luminosity; the H-band luminosity
was assumed to measure the stellar mass of a galaxy while
bluer colours indicate younger stellar populations. Frick
et al. (2001) found a similar relation for HII regions in the
nearby spiral galaxy NGC 6946 and Heller et al. (1999)
showed this for dwarf galaxies in the Virgo cluster. Kong
(2004) found that the SFR correlated with MB for the
BCGs in his sample. The relation he found:
SFR = −(7.65± 0.25)− (0.42± 0.01)MB (6)
fits also the points plotted by us, although the low-SFR
Virgo dwarfs deviate below the relation. The Virgo dwarfs
extend Kong’s relation by two orders of magnitude, down
to SFR≃ 10−4 M⊙ yr
−1. The BCGs studied here form
more stars because they have more stars to begin with,
and their extreme isolated location does not influence sig-
nificantly their SF properties when compared to dwarf
galaxies in the Virgo cluster. This property, that the SFR
correlates with the stellar light (or the stellar mass) is
known also for high-redshift galaxy samples (e.g., Noeske
et al. 2007; Elbaz et al. 2007; Daddi et al. 2007).
We showed above that, although the BCGs studied here
are not absolutely isolated in that some may have a few
neighbours within 300 km sec−1 and 3 Mpc, they reside in
regions of very low galaxy densities. We found that all are
forming stars at the present time and that their SFRs are
higher than those of Virgo Cluster dwarfs, but not exceed-
ingly higher. Being both compact and relatively isolated,
no external triggers seem to have encouraged SF in these
galaxies and the primary SF trigger is probably an internal
one, such as accretion of gas retained in their DM halos.
This trigger could be encouraged by tidal interactions, but
is evidently active even in the absence of such interactions.
6. summary
We studied the star formation properties and histories
of galaxies in a sample of BCG galaxies located in voids or
in void walls, selected to be as isolated as possible, in order
to minimize the chance that external effects influenced the
formation and evolution of these objects. BCGs are known
to have an older population underlying the recently formed
stars, usually explained as formed by several instantaneous
SF bursts separated by long quiescent periods. Our stellar
population analysis confirms the presence of a significant
older population. We found that for practically all the
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galaxies a combination of a constant SFR combined with
a recent instantaneous SF burst is a better explanation of
the integrated stellar population. The measured SFR is
correlated with the existing stellar population, as found
for other galaxies.
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Fig. 1.— Blue absolute magnitude vs. SFR for Virgo dwarf galaxies (red squares) and for the BCGs studied here (black circles).
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Table 2
UBVRI and SDSS photometry of the sample galaxies
No. u g r i z
4 17.17(0.01) 16.38(0.01) 16.21(0.01) 16.18(0.01) 16.05(0.01)
5 18.25(0.02) 17.45(0.02) 17.18(0.01) 17.02(0.01) 16.94(0.02)
6 17.33(0.01) 16.61(0.01) 16.35(0.01) 16.17(0.01) 16.02(0.01)
7 17.48(0.01) 16.48(0.01) 15.96(0.01) 15.70(0.01) 15.46(0.01)
8 16.98(0.01) 15.98(0.01) 15.66(0.01) 15.44(0.01) 15.32(0.01)
9 18.57(0.01) 17.69(0.01) 17.46(0.01) 17.25(0.01) 17.14(0.01)
10 17.79(0.01) 17.14(0.01) 16.80(0.01) 16.64(0.01) 16.51(0.01)
11 18.31(0.02) 17.56(0.01) 17.50(0.01) 17.49(0.01) 17.41(0.02)
12a 18.87(0.03) 18.20(0.01) 18.13(0.01) 17.99(0.01) 18.01(0.03)
12b 18.83(0.03) 17.98(0.01) 17.69(0.01) 17.47(0.01) 17.30(0.02)
13 18.25(0.02) 17.59(0.01) 17.52(0.01) 17.38(0.01) 17.36(0.02)
14 17.27(0.01) 16.51(0.01) 16.25(0.01) 16.09(0.01) 15.90(0.01)
15 17.56(0.02) 16.55(0.01) 16.22(0.01) 15.99(0.01) 15.87(0.02)
16 18.64(0.04) 17.71(0.01) 17.65(0.01) 17.55(0.01) 17.63(0.05)
17a 17.07(0.01) 16.06(0.01) 15.79(0.01) 15.54(0.01) 15.40(0.01)
17b 18.10(0.03) 17.32(0.01) 17.23(0.01) 17.05(0.01) 16.99(0.02)
18 15.96(0.01) 15.01(0.01) 14.81(0.01) 14.70(0.01) 14.68(0.01)
19 17.37(0.02) 16.42(0.01) 16.18(0.01) 16.05(0.01) 15.91(0.01)
20 17.86(0.03) 16.82(0.01) 16.46(0.01) 16.28(0.01) 16.11(0.02)
21 17.35(0.02) 16.42(0.01) 16.17(0.01) 15.99(0.01) 15.79(0.01)
22 16.94(0.02) 15.67(0.01) 15.21(0.01) 14.94(0.01) 14.74(0.01)
26 17.47(0.01) 16.84(0.01) 16.65(0.01) 16.45(0.01) 16.32(0.01)
27 17.96(0.03) 16.39(0.01) 15.64(0.01) 15.26(0.01) 14.86(0.01)
28 17.82(0.02) 17.04(0.01) 16.77(0.01) 16.62(0.01) 16.56(0.03)
29 18.54(0.03) 17.46(0.01) 17.36(0.01) 17.22(0.01) 17.26(0.03)
Table 3
2MASS photometry of the sample galaxies
No. JT HT KT
4 15.08(0.16) 14.55(0.25) 13.99(0.22)
6 14.80(0.13) 14.29(0.20) 13.76(0.20
7 14.22(0.08) 13.69(0.11) 13.31(0.14)
8 14.41(0.08) 13.80(0.12) 13.31(0.12)
14 14.81(0.15) 14.48(0.27) 13.90(0.28)
15 15.03(0.16) 14.37(0.22) 13.71(0.19)
18 13.57(0.05) 13.18(0.08) 12.91(0.11)
19 15.26(0.23) 14.48(0.28) 13.84(0.26)
22 13.95(0.06) 13.11(0.07) 13.19(0.13)
26 15.11(0.16) 14.59(0.24) 14.06(0.26)
27 13.84(0.06) 13.20(0.09) 12.91(0.10)
30 13.86(0.06) 13.16(0.08) 12.82(0.09)
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Table 4
Hα line fluxes, SFR and SFH of the sample galaxies
No. MB Hα EW SFR B1 B2 %B1 %B2 χ
2
(mag) erg cm−2 s−1 (A˚) (M⊙ yr−1)
4 -18.27 5.79×10−14 41.41 0.69 1.6Gyr 1.3Gyr 0.87 0.13 0.60
5 -17.94 2.44×10−14 39.35 0.57 > 10Gyr 7.9Myr 0.89 0.11 0.01
6 -18.63 3.91×10−14 30.13 0.79 > 10Gyr 10.9Myr 0.8 0.2 0.48
7 -18.39 5.77×10−14 35.42 0.87 > 10Gyr > 10Gyr 0.93 0.07 2.74
8 -19.36 4.90×10−14 26.04 1.14 > 10Gyr 1.3Gyr 0.84 0.16 0.49
9 -18.04 9.30×10−15 24.78 0.30 > 10Gyr 143Myr 0.88 0.12 0.10
10 -17.95 7.84×10−14 51.48 1.36 > 10Gyr 1.4Myr 0.83 0.17 3.36
11 -17.50 3.31×10−14 51.30 0.57 1.1Gyr 255Myr 0.96 0.04 0.44
12a -17.45 1.17×10−14 39.01 0.34 1.6Gyr 55Myr 0.78 0.22 0.11
12b -17.66 1.92×10−14 40.41 0.57 1.7 Gyr 29 Myr 0.94 0.06 0.07
13 -17.79 1.58×10−14 31.12 0.36 > 10Gyr 11Myr 0.80 0.2 0.42
14 -18.15 5.36×10−14 39.26 0.64 > 10Gyr > 10Gyr 0.93 0.07 1.38
15 -19.91 — — — > 10Gyr 570Myr 0.99 0.01 1.67
16 -17.39 1.19×10−14 31.63 0.22 1.1Gyr 508Myr 0.81 0.19 1.88
17b -18.49 1.52×10−14 33.58 0.52 3Gyr 161Myr 0.85 0.15 0.18
18 -19.36 4.65×10−13 44.61 4.38 > 10Gyr 3.3Myr 0.78 0.22 1.21
19 -18.73 3.57×10−14 36.20 0.69 > 10Gyr 1.6Myr 0.84 0.16 4.61
20 -17.67 1.97×10−14 25.21 0.21 > 10Gyr 1.3Gyr 0.74 0.26 0.14
21 -18.58 4.86×10−14 26.21 0.82 > 10Gyr 360Myr 0.88 0.12 0.31
22 -19.12 3.06×10−14 23.41 0.45 > 10Gyr > 10Gyr 0.59 0.41 0.84
26 -18.70 9.51×10−14 56.69 2.48 > 10Gyr 2Myr 0.68 0.32 1.3
27 -18.35 3.791×10−14 28.83 0.60 > 10Gyr > 10Gyr 0.5 0.5 16.22
28 -17.61 2.39×10−14 38.94 0.28 9Gyr 25Myr 0.88 0.12 0.02
29 -18.00 3.27×10−14 48.94 0.87 2Gyr 1.3Gyr 0.88 0.12 4.38
Notes: Object no. 12 was shown to be a binary galaxy, with two BCG components separated by 48 kpc
(Pustilnik et al. 2002), measured separately by us. Object no. 4 shows two Hα-emitting regions, but was
measured as a whole. The models were calculated with respect to the total flux from each galaxy entry
in the table.
